Moisture deficit stress is a major abiotic factor affecting muskmelon quality and productivity globally. Here we have examined the response of morpho-physiological traits under moisture deficit stress condition in muskmelon parental lines viz., Durgapur Madhu (DM) and BS25 along with F 2:3 population derived from their cross for contrasting stress tolerance traits. Moisture stress reduced relative water content significantly (p < 0.01) with variation recorded among population lines. We observed that relative water content showed significant positive correlation (r = 0.34) with proline. A significantly increased value of the proline content (8.68 µg/gm), membrane stability index (27.11 mS/cm) and leaf area (24.43 cm 2 ) were observed in BS25 compared to DM genotype. Some population lines such as L8, L10, L83, L16, L21, L54, and L63 showed significantly higher values for proline content and relative water content in moisture stress condition. We observed variability for different traits in the F 2:3 population that allowed selection of individual lines with possibly greater potential of moisture stress tolerance, which can be useful in future breeding programs in muskmelon.
Introduction
Muskmelon (Cucumis melo L.) is an economically important summer season crop (2n=2x=24) of Cucurbitaceae family, cultivated preferably in hot climate of tropical and subtropical regions worldwide (Kirkbride, 1993) . Variability for taste, nutrient composition and shape of melon fruit were already reported (Burger et al., 2006; Fergany et al., 2011) . It exhibits excellent antioxidant potential and is used in the treatment for diabetes and respiratory problems (Kaur and Arora, 2011; Milind and Kulwant, 2011) . China is the largest producer with 14.33 million tons and India stands at fifth position with 0.70 million tons as annual production of melon worldwide (FAOSTAT, 2013) .
Drought is the major environmental stress that causes significant losses in productivity and crop development (Cattivelli et al., 2008) . In moisture deficit stress condition (MS), physiological and biochemical changes including functional losses were observed (Fini et al., 2013) . Researchers have examined number of biochemical and morphological responses of plants to moisture deficit stress such as altered relative water content, proline accumulation, chlorophyll content, membrane stability index and yield (Fabeiro et al., 2002; Rizvi et al., 2014; Liu et al., 2015; Pandey et al., 2016; Sachdeva et al., 2017; Tiwari et al., 2018) . Knowledge on the physiological mechanisms that enables adaptation to MS and retaining productivity and development by overcoming stress could be helpful in screening of tolerant genotypes for its use in future programs of molecular breeding (Zaharieva et al., 2001 ).
In the recent years, most studies were based on the morphological parameters (plant and fruit) in drought conditions (Kusvuran, 2012; Ibrahim, 2012; Mirabad et al., 2013; Patil et al., 2014; Mundalia et al., 2015; Pandey et al., 2016) . The phenotypic and genotypic correlation coefficient was also studied for fruit yield and its related traits in muskmelon under MS conditions (Mishra et al., 2016; 2017) . Melon production and productivity improve with selection of tolerant genotypes for moisture stress (Rashidi and Seyfi, 2007) . Although, a number of drought tolerant varieties of other crops have been reported earlier (Mir et al., 2012) , but only limited data is accessible on moisture deficit stress tolerant in melon varieties and population (Cabello et al., 2009 ). The present study details on the morpho-physiological variability for growth and association between different traits under well watered and moisture deficit stress conditions in muskmelon cultivars and their population. The information derived from the DOI: 10.5958/0975-928X.2018.00109.6 study would be useful in future breeding programs of melon for moisture deficit stress tolerance.
Materials and Methods
The present experiment was carried out during summer season (April-July) of 2016 at ICARNational Bureau of Plant Genetic Resources (NBPGR), New Delhi, India. The population F 2:3 were developed by crossing muskmelon inbreds viz., Durgapur Madhu (DM) (female) genotype being susceptible to MS with the tolerant genotype BS25 (male). The parents were selected based on their contrasting response to moisture stress tolerance (Pandey et al., 2013; 2016) . The number of fruits and total soluble sugar (TSS) per cent were higher in DM along with best response for general combining ability effect (Randhawa and Singh, 1990; Choudhary et al., 2006) . Productivity of BS25 was quite similar in both the conditions (well watered and moisture stress) and its drought tolerant efficiency per cent (DTE %) was higher than other genotypes as calculated through field experiments (Pandey et al., 2013; 2016) . The F 1 between DM × BS25 was subsequently selfpollinated to produce 96 F 2 progenies and F 2:3 families. A total of 86 F 2:3 families were evaluated during the summer season along with the parents and F 1 hybrid. Field experiment to evaluate the population for MS tolerance was performed in a randomized block design with five plants in each row with three replications under two treatment conditions viz., well-watered (WW) and moisture deficit stress (MS). Standard agronomic procedure was followed during crop stand for both treatment conditions. Plants were irrigated once in ten days until unless specified. Thirty days after sowing, irrigation was stopped in one set (MS) while it is continued (once in ten days) in the other set (WW) as per requirement and observation was noted. After exposure to thirty days moisture stress, the experimental set was re-irrigated for two times at five days interval and recovery of the plants (61-70 days after germination) were observed.
Morpho-Physiological observations were recorded for parents, F 1 and F 2:3 families. A calibrated Gopher soil moisture profiler (Soil moisture technology, Gopher, Australia) was used to measure soil moisture content at 5-10 days interval. The soil moisture percentage was also recorded before and after irrigation. Measured soil moisture percentage was averaged of three readings between plant row and middle of two lines (Kang et al., 2002) . Three healthy leaves were collected from three different plants randomly for calculating the relative water content (RWC) (Barrs and Weatherley, 1962) . Membrane stability index (MSI) was calculated by noting the electrical conductivity of leaf samples in double distilled water at 40°C and 100°C according to Sairam (1994) .
Three readings of chlorophyll content of flag leaf were measured using chlorophyll meter (SPAD-502, Soil Plant Analysis Development section, Japan). The average values were used for analysis as SPAD units (Martinez and Guiamet, 2004) . Leaf area was also recorded using portable laser area meter (C1-203, CID Bio-science, USA) (Yin et al., 2005) . Proline was estimated using ninhydrin method reported by Bates et al. (1973) . Protein content was measured using bovine serum albumin (BSA) as a standard (Bradford, 1976) at 595 nm wavelength, using a spectrophotometer (DU 640, Beckman Instruments Inc., USA).
Factorial ANOVA was carried out for the observed morpho-physiological traits in WW and MS conditions of melon population to study its significance statistically (Rangaswamy, 2010) . The correlation coefficient matrix was also analyzed using Genstat software (v.18.1) for the traits observed during this study.
Results and Discussion
Soil moisture of experimental farm was recorded to be 70-80 per cent and 7-9 per cent respectively at field capacity and at wilting point using the Gopher soil moisture profiler. Under drought conditions soil moisture was observed to be 10-20 per cent between 35-75 days after sowing. Lower relative water content was observed in the MS (50%) plant compared to the WW (84%) plants. Statistical analyses indicated that RWC values between treatments and among the individual lines including parents (Table 1) Under correlation matrix, we observed RWC showing positive significant correlation with protein content, leaf area and MSI (r = 0.348, 0.196 and 0.176 respectively) ( Table 4) . It showed a negative significant correlation with proline. Leaf area showed positive significant correlation with MSI, and protein. A negative significant correlation between proline and MSI was also observed.
In the present study, the variation in the traits observed under moisture stress treatment (MS) indicated that selection using some of these drought related characteristics could be effective in developing tolerant cultivars. However, the efficiency of selection in a population basically relies on heritability. Variation between the individual population lines and parental lines were identified in stress condition, suggesting possible transgressive segregation in the population and indicates the population is normally distributed (Chai et al., 2016) . RWC and MSI are important criteria reflecting water status or potential for selection of drought tolerant cultivars (Valentovic et al., 2006; Rad et al., 2013) . The RWC percentage is significantly decreased during drought stress (Liu et al., 2015) . MSI is a measure of membrane integrity that differentiates the tolerant and susceptible genotypes (Surendar et al., 2013) . In the present study, a significant difference in RWC and MSI values was observed in melon parents and their progenies. The Parental genotype BS25 showed higher percentage of RWC and MSI in comparison to DM under stress and well watered condition which shows its tolerance efficiency DOI: 10.5958/0975-928X.2018.00109.6 (Supplementary Table S1 ). The population lines also exhibit lower and higher values in treatments. The differences in RWC and MSI between genotypes tolerant and susceptible to moisture stress recorded in this study are in line with earlier reports (Pandey et al., 2016 , Ansari et al., 2017 . The electrolyte leakage of the susceptible maize genotype increased in comparison to tolerant (Valentovic et al., 2006) . In similar earlier studies in wheat (Sairam and Srivastava, 2001, Liu et al. 2015) , muskmelon (Kusvuran, 2012) and chickpea (Sachdeva et al., 2017) , significant differences were observed in RWC and MSI between tolerant and susceptible genotypes.
Under moisture stress condition, reduction in leaf area was observed in comparison to WW condition. The results obtained here are similar to results revealed in cantaloupe (Cabello et al., 2009) . Decrease in leaf area might associate with water reduction in active root part that in turn interrupts plant development by disturbing physiological processes (Songsri et al., 2009 ).
The osmolyte proline accumulation enables plant to adapt under drought (Kusvuran and Dasgan, 2017) . Proline content significantly increased in parental line BS25 and variation in population lines under water stress conditions was observed (Supplementary Table S3 ). Earlier findings in various crops support the increased proline content under stress conditions such as mulberry (Ramanjulu and Sudhakar, 2000) , maize (Moussa and Abdel-Aziz, 2008), mothbean (Sachdeva et al., 2016) , common bean (Kusvuran and Dasgan, 2017) and muskmelon (Ansari et al., 2017) . It helps in regulation of cellular redox status by maintaining the protein and membrane structure in drought stress (Yamada et al., 2005) . The decrease in protein content during stress was also reported in other crops like groundnut (Hui Fang and Xiao Ping, 2004) , sesame (Fazeli et al., 2007) and maize (Mohammadkhani and Heidari, 2008) . Water stress causes reduction in carbon skeleton necessary for amino acid and leads to decrease in photosynthesis as well as synthesis of proteins (Mohammadkhani and Heidari, 2008) .
Under moisture stress conditions parents and segregating population showed earlier male flower growth than well watered plants. DM genotype and some population lines showed hermaphroditism during the flowering in both conditions (MS and WW). Maintenance of water status in plants is thus considered as a mechanism for moisture stress tolerance in BS25 genotype. A character by character examination showed that different characters were differentially associated with each other (Taha et al. 2003) . The correlation of RWC was positively significant with protein, MSI and leaf area. The correlation of chlorophyll content was insignificant with all of the traits studied. Correlation coefficients revealed that different traits were differentially associated with each other (Sharma et al., 2014) . Significant correlation variation was reported for morphological, physiological, yield components and yield in muskmelon (Tomar et al., 2008; Reddy et al., 2013; Mishra et al., 2016; 2017) .
Relative water content, membrane stability index and proline can be used for selection of moisture stress tolerant genotypes. Leaf area and protein content are also important traits for selection under drought stress. High values of traits variation in population could be helpful for selection of superior muskmelon lines for retaining yield in water stress condition. The ability of plants to maintain water status in moisture stress helps them to sustain during the period of drought and recovery after irrigation (Ansari et al., 2017) . The combined responses of the F 2:3 populations that performed better under moisture deficit conditions can potentially be considered for future breeding programs. For example, L54 and L63 had high proline content (9.92 and 7.46 µg/gm), moderate RWC (47.7 and 58.4%), protein (4.65 and 4.41 µg/ml), chlorophyll (34.3 and 36.4 SPAD unit), leaf area (40.4 and 30.9cm 2 ) and low MSI (2.69 and 20.34 mS/cm). The final selection of the line is very complex due to combined effects of the RWC and MSI both related to leaf area. The segregating population also showed the combined variation between proline, protein and chlorophyll content under moisture deficit conditions. Differences between the parental lines during the moisture stress for many traits indicate that some of the adaptation mechanisms to moisture deficit stress might be not-identical in the two genotypes. So, it could be mapped and selected for different trait combinations in the offspring for future work in breeding and research. 
